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Early Science
Target Date Band Status

0642+499 9 March 2013 L Lobanov et al. (2015)
AO-1, AO-2, and AO-3 Observations

Target Date Band Correlation Status
BL Lac 29 Sep. 2013 L Yes Imaging
BL Lac 11 Nov. 2013 K Yes Gómez et al. (2016)
3C273 18 Jan. 2014 K Yes Bruni et al. (in press)
3C273 13 June 2014 L Yes
3C279 10 March 2014 K Yes 
OJ287 04 April 2014 K Yes Gómez et al. (in prep)

0716+714 3 January 2015 K Yes
3C345 30 March 2016 L No 
OJ287 16 April 2016 L No 
OJ287 25 April 2016 K No
3C345 4 May 2016 K No

Performed AO-4 Observations
Target Date Band Complementary

3C454.3 8 October 2016 K GMVA 3 mm October 2016
CTA102 17 October 2016 K GMVA 3 mm October 2016
OJ287 7 March 2017 K GMVA+ALMA, EHT+ALMA 2017

A KSP for polarimetric Space-VLBI with RadioAstron



A KSP for polarimetric Space-VLBI with RadioAstron

RA Approved AO-5 (2017-2018) Observations
Target Date Band Complementary
BL Lac September 2017 K GMVA 3 mm October 2017
3C120 January 2018 K GMVA 3 mm October 2017
3C279 Jan-Feb 2018 K GMVA+ALMA, EHT+ALMA 2018
3C273 Feb-May 2018 K GMVA+ALMA, EHT+ALMA 2018
OJ287 22-27 April 2018 K GMVA+ALMA, EHT+ALMA 2018
M87 March 2018 K,L Nearby AGN KSP,GMVA,EHT 2018

Performed AO-4 Observations
Target Date Band Complementary

3C454.3 8 October 2016 K GMVA 3 mm October 2016
CTA102 17 October 2016 K GMVA 3 mm October 2016
OJ287 7 March 2017 K GMVA+ALMA, EHT+ALMA 2017

Unique opportunity for first time polarimetric VLBI-imaging at the highest angular 
resolution (20-40 μas) combining 3 wavelengths (1.3 mm, 3 mm, and 1.3 cm) with almost 

matching beam and quasi-simultaneously in an AGN.



Observations of BLLac at K-band
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RadioAstron observations of BL Lac at 1.3 cm were performed in November 11, 2013.

BL Lac was observed together with 15 ground antennas: EF, MH, ON, SV, ZC, MC, BD, BR, HN, 
KP, LA, NL, OV, PT, MK.

BL Lac
λ=1.3 cm 

Nov. 11, 2013

Gómez et al. (2016)



RadioAstron baselines

7.9 DE

Observations of BLLac at K-band

RadioAstron observations of BL Lac at 1.3 cm were performed in November 11, 2013.

BL Lac was observed together with 15 ground antennas: EF, MH, ON, SV, ZC, MC, BD, BR, HN, 
KP, LA, NL, OV, PT, MK.

BL Lac λ=1.3 cm 

Gómez et al. (2016)

Ground-space fringes up to projected baseline distance of 7.9 Earth’s diameters in projection.



FWHM 31 μas Uniform

Observations of BLLac at K-band
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Gómez et al. (2016)



Observations of BLLac at K-band
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BL Lac  λ=1.3 cm  Nov. 11, 2013 

1σ=2 mJy/beam
Peak 74 mJy/beam

Total IntensityPolarization



Observations of BLLac at K-band

BL Lac  λ=1.3 cm  Nov. 11, 2013 

FWHM 21 μas
Super 

Uniform

Total Intensity

Gómez et al. (2016)

40 μasCore

Up

This  opens  the  possibility  that  the  core  is  a 
recollimation shock at ~40 μas for the jet apex, 
in a pattern that includes also components K1 and 
K2 at ~100 μas and ~250 μas, respectively.
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Pattern of recollimation shocks
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RMHD simulations reproduce the relative distance 
between  components  Core,  K1,  and  K2  as 
recollimation shocks.

K2 (stationary)

K1 (stationary)



Observations of BLLac at K-band

BL Lac  λ=1.3 cm  Nov. 11, 2013 
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Unresolved  core  component  has  an  observed 
brightness temperature of Tb>2×1013 K.
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Tb>2×1013 K

Tb<3×1014 K

This  is  further  supported  by  estimations  from  the 
visibilities  amplitudes  and  their  errors  (Lobanov 
2015).
From  estimated  δ=7.2  we  obtain  an  intrinsic 
brightness  temperature  Tb,int>3×1012  K,  well 
above the inverse Compton limit. 

Gómez et al. (2016)



Observations of BLLac at K-band
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The core area shows a point symmetric structure in RM and 
EVPA,  as  shown in  the  2D histograms as  a  function  of 
position angle wrt the core in the selected area.

In agreement with RMHD 
simulations of jets with a 
helical  magnetic  field  by 
Porth et al. (2011).

The  polarization  structure  is  consistent  with  the 
existence of a helical magnetic field threading the jet.



Observations of OJ287 at K-band

RadioAstron observations of OJ287 at 1.3 cm 
were performed in April 4, 2014.

OJ287 was observed together with 12 ground 
antennas including the EVN, KVN, and GBT.

OJ287

RadioAstron 
1.3 cm 

April 4, 2014

Ground-space fringes (SNR~50) have been 
detected throughout the whole experiment, 
reaching  ~4  Earth  diameters  in  projected 
length.



Observations of OJ287 at K-band

OJ287 
April 2014

Natural 
FWHM 140 μas



Observations of OJ287 at K-band

OJ287 
April 2014

Uniform 
FWHM 56 μas



Observations of OJ287 at K-band

RadioAstron observations of OJ287 at 1.3 cm 
were performed in April 4, 2014.

OJ287 was observed together with 12 ground 
antennas including the EVN, KVN, and GBT.

Ground-space fringes (SNR~50) have been 
detected throughout the whole experiment, 
reaching  ~4  Earth  diameters  in  projected 
length.

Ground-space  fringes  detected  at  a  record 
spacing of 15.2 Earth diameters (April 18th, 
SNR~11.5)  by  the  RadioAstron  Survey  (PI 
Kovalev).

OJ287
April 4, 2014

RadioAstron 
1.3 cm 



Highest resolution image obtained to date, at 
a record angular resolution of 10 μas

OJ287 
April 2014

Prelim
inary



OJ287 
April 2014

Natural 
FWHM 140 μas

Uniform 
FWHM 56 μas

FWHM 10 µas



MOJAVE movie

Version September 27, 2016 submitted to Galaxies 4 of 8

Figure 2. Ridgelines for 96 epochs. The years are grouped by color as shown; the first set has solid

lines and the second set of colors has dashed lines.

Figure 3. Ridgelines as in Figure 2 but rotated CCW by 112◦ , and displaced along a time axis. Angular

distance along PA = −112◦ is shown on the ordinate, and the distance scale on the abscissa is the same

and is indicated by the bar at top right.

Cohen (2016)



Optical double-peaks of OJ287 every ~12 years 
have been interpreted as the orbital period of a 
binary SMBH (Lehto & Valtonen 1996).

Optical  thermal  flares  produced  when  the 
secondary  SMBH impacts  the  disk  around  the 
primary SMBH.

OJ287 optical light curve

Orbital modeling (Valtonen et al. 2011, 2016) requires a compact binary with:
• Primary SMBH of (1.83±0.01)×1010 M⊙

• Secondary SMBH of (1.5±0.1)×108 M⊙

• Eccentric orbit (ε=0.700±0.001) with a semi-major axis of 0.056 pc (~13 μas).
• Orbital shrinkage due to gravitational wave emission (at 2% accuracy level).

ASTROSAT Science Proposal (AO-04, anticipated ToO) : Scientific Justification 3

Figure 1: Left: An illustration of the OJ287 binary SMBBH system. The observed jet may be taken to lie along rotation
axis of the accretion disk. The two black holes are not resolved in current high frequency radio observations as the required
resolution is ∼ 10µarcsec which is within the reach of EHT consortium. However, the model explains all observations from
radio to X-rays and the time variability of these data sets. Middle: Observations of the jet position angle in OJ287 at cm
wavelengths. The line represents a model where the orientation change propagates outward in the jet with speed 0.85c. In
observer’s time, it takes over 200 years to propagate the change from the optical core to the cm-wave jet. Due to the small
viewing angle of ∼ 2◦ of the jet, the small changes in its direction are magnified. Right: The 60 ks simulations for SXT and
LAXPC adopting the Swift observations in February 2017.

2. The spectral/SED-related studies towards the low energies (UV and soft X-rays) to compliment
planned NuSTAR observations.

3. The cross-correlation studies in UV/X-rays and fluxes at other frequencies such as optical and IR can be
used to understand the physical processes active near the central engine. The correlated sub-mm/mm
variations, if observed, can be modelled to understand the connection between disk instabilities and
jet emission.

4. The X-ray emission from this object is equally explained by either Self Synchrotron Compton (SSC) or
External Compton (EC) mechanisms. This campaign, with broad and high quality X-ray observations
utilizing AstroSat and NuSTAR, has the potential to unravel this dichotomy.

5. The turnover between Synchrotron and Inverse Compton component, for OJ287 , occurs between UV
and soft X-rays, and hence accessible by the simultaneous observations by AstroSat. Therefore, our
observations, can uniquely determine the valley part of SED, important broad-band SED modelling.

We note that SMBBH binary in OJ287 is in-spiralling under the influence of nano-Hertz GW emission and
therefore not in the frequency window of LIGO. However, maturing Pulsar Timing Arrays are expected
to detect such nano-Hz GWs. Therefore, the proposed the EHT consortium + AstroSat collaborations
should be helpful to establish firmly the existence of such nano-Hz GW sources. In case OJ287 is found
in a quiescent state, AstroSat, being a part of this campaign, will provide the scientific community with
unique multi-waveband observations in low flux state, to understand the poorly explored quiescent states
in blazars. This will enable us to construct a very well sampled SED in low flux state, thus giving us new
insight into the low flux emission from blazars. On the other hand, the coordinated observations by AstroSat
and NuSTAR will provide an opportunity to test the spectral capabilities in a soft and low flux emitting
source.

4. Justification of requested observing time & scientific feasibility

1. The simultaneous coverage of 0.3−80 keV energy band in X-rays (0.3−20 keV for the case of OJ287 )
and 400−125 nm in UV/optical bands using SXT, LAXPC, and UVIT, onboard ASTROSAT, makes
it an ideal platform for studying the sources which emit over several decades of energies, e.g. blazars.

Fitting of jet position angle

Observations of OJ287 at K-band



Alternatively, the innermost jet structure may result from the precession of a tilted accretion disk.

RMHD simulations of a thin accretion disk tilted by 60 deg. relative to the BH spin axis.

The disk and the jets precess at different rates, leading to quasi-periodic disk-jet interactions that 
could potentially account for the periodicity seen in OJ287 light curves.

Liska+ (in prep.)

Observations of OJ287 at K-band



Summary
• 14 RadioAstron observations carried out within our polarization KSP during 

AO-1, AO-2, AO-3, and AO-4. Continued observations throughout AO-5.
• BL Lac imaged at L and K-bands. Ground-space fringes detected up to 8 DE (7 

DE at L-band), achieving a maximum angular resolution of ~20 μas.
• Evidence  for  emission  upstream  the  core,  and  a  pattern  of  three 

recollimation shocks (40, 100, 250 μas) that includes the core.
• The intrinsic de-boosted brightness temperature of the core exceeds 

3×1012 K, or ~6 times larger than the inverse Compton limit.
• The core area shows a point  symmetric structure in RM and EVPAs, 

suggesting it is threaded by a helical magnetic field.
• OJ287 imaged with an angular resolution of ~10 μas (15.2 DE), suggesting a 

helical jet seen at small viewing angle, compatible with the supermassive binary 
black hole model.
• Confirmed polarization capabilities of RadioAstron for observations at 18 cm 

(Lobanov et al. 2015) and 1.3 cm (Gómez et al. 2016).
RadioAstron allows polarization imaging 

with angular resolutions of ~10 μas


